See discussions, stats, and author profiles for this publication at:

Microwave frequency electromagnetic fields
(EMFs) produce widespread neuropsychiatric
effects including depression.

ARTICLE /7 JOURNAL OF CHEMICAL NEUROANATOMY - AUGUST 2015

Impact Factor: 2.52 - DOI: 10.1016/j.jchemneu.2015.08.001 - Source: PubMed

1AUTHOR:

Washington State University

91 PUBLICATIONS 1,638 CITATIONS

SEE PROFILE

Available from: Martin L Pall
Retrieved on: 02 September 2015


http://www.researchgate.net/publication/281261829_Microwave_frequency_electromagnetic_fields_%28EMFs%29_produce_widespread_neuropsychiatric_effects_including_depression?enrichId=rgreq-c6b5fc96-8a95-4deb-860f-75dd4af29028&enrichSource=Y292ZXJQYWdlOzI4MTI2MTgyOTtBUzoyNjkwNDQzMTQwMTM2OTZAMTQ0MTE1NjU3MTM4NQ%3D%3D&el=1_x_2
http://www.researchgate.net/publication/281261829_Microwave_frequency_electromagnetic_fields_%28EMFs%29_produce_widespread_neuropsychiatric_effects_including_depression?enrichId=rgreq-c6b5fc96-8a95-4deb-860f-75dd4af29028&enrichSource=Y292ZXJQYWdlOzI4MTI2MTgyOTtBUzoyNjkwNDQzMTQwMTM2OTZAMTQ0MTE1NjU3MTM4NQ%3D%3D&el=1_x_3
http://www.researchgate.net/?enrichId=rgreq-c6b5fc96-8a95-4deb-860f-75dd4af29028&enrichSource=Y292ZXJQYWdlOzI4MTI2MTgyOTtBUzoyNjkwNDQzMTQwMTM2OTZAMTQ0MTE1NjU3MTM4NQ%3D%3D&el=1_x_1
http://www.researchgate.net/profile/Martin_Pall?enrichId=rgreq-c6b5fc96-8a95-4deb-860f-75dd4af29028&enrichSource=Y292ZXJQYWdlOzI4MTI2MTgyOTtBUzoyNjkwNDQzMTQwMTM2OTZAMTQ0MTE1NjU3MTM4NQ%3D%3D&el=1_x_4
http://www.researchgate.net/profile/Martin_Pall?enrichId=rgreq-c6b5fc96-8a95-4deb-860f-75dd4af29028&enrichSource=Y292ZXJQYWdlOzI4MTI2MTgyOTtBUzoyNjkwNDQzMTQwMTM2OTZAMTQ0MTE1NjU3MTM4NQ%3D%3D&el=1_x_5
http://www.researchgate.net/institution/Washington_State_University?enrichId=rgreq-c6b5fc96-8a95-4deb-860f-75dd4af29028&enrichSource=Y292ZXJQYWdlOzI4MTI2MTgyOTtBUzoyNjkwNDQzMTQwMTM2OTZAMTQ0MTE1NjU3MTM4NQ%3D%3D&el=1_x_6
http://www.researchgate.net/profile/Martin_Pall?enrichId=rgreq-c6b5fc96-8a95-4deb-860f-75dd4af29028&enrichSource=Y292ZXJQYWdlOzI4MTI2MTgyOTtBUzoyNjkwNDQzMTQwMTM2OTZAMTQ0MTE1NjU3MTM4NQ%3D%3D&el=1_x_7

Accepted Manuscript

Journal of CH EMICAL
NEUROANATOMY

Wit spacial smohasis on Funcionl Nesrsanatsesy
[ ————

Title: Microwave frequency electromagnetic fields (EMFs)
produce widespread neuropsychiatric effects including
depression

Author: Martin L. Pall

PII: S0891-0618(15)00059-9
DOI: http://dx.doi.org/doi:10.1016/j.jchemneu.2015.08.001
Reference: CHENEU 1334

To appear in:

Received date: 13-4-2015
Revised date: 1-8-2015
Accepted date: 9-8-2015

Please cite this article as: Pall, M.L.,Microwave frequency electromagnetic fields
(EMFs) produce widespread neuropsychiatric effects including depression, Journal
of Chemical Neuroanatomy (2015), http://dx.doi.org/10.1016/j.jchemneu.2015.08.001

This is a PDF file of an unedited manuscript that has been accepted for publication.
As a service to our customers we are providing this early version of the manuscript.
The manuscript will undergo copyediting, typesetting, and review of the resulting proof
before it is published in its final form. Please note that during the production process
errors may be discovered which could affect the content, and all legal disclaimers that
apply to the journal pertain.


http://dx.doi.org/doi:10.1016/j.jchemneu.2015.08.001
http://dx.doi.org/10.1016/j.jchemneu.2015.08.001
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neuropsychiatric effects including depression
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Washington State University
638 NE 41" Ave., Portland, OR 97232-3312, USA
martin_pall@wsu.edu

Abstract:

Non-thermal microwave/lower frequency electromagnietlds (EMFs) act via voltage-
gated calcium channel (VGCC) activation. Calciumrmmnel blockers block EMF effects
and several types of additional evidence confiris tiiechanism. Low intensity
microwave EMFs have been proposed to produce nsycbjatric effects, sometimes
called microwave syndrome, and the focus of thigexe is whether these are indeed well
documented and consistent with the known mechasjsofi@ction of such EMFs.
VGCCs occur in very high densities throughout thevaus system and have near
universal roles in release of neurotransmittersrandoendocrine hormones. Soviet and
Western literature shows that much of the impactasf-thermal microwave exposures in
experimental animals occurs in the brain and pergdmervous system, such that
nervous system histology and function show divarsg substantial changes. These may
be generated through roles of VGCC activation, peatyy excessive
neurotransmitter/neuroendocrine release as welk@stive/nitrosative stress and other
responses. Excessive VGCC activity has been sHfimwngenetic polymorphism studies
to have roles in producing neuropsychiatric chamgésimans. Two U.S. government
reports from the 1970’s-80’s provide evidence fanyneuropsychiatric effects of non-
thermal microwave EMFs, based on occupational exgostudies. 18 more recent
epidemiological studies, provide substantial evidetihat microwave EMFs from
cell/mobile phone base stations, excessive celllmphone usage and from wireless
smart meters can each produce similar patternswbpsychiatric effects, with several
of these studies showing clear dose-responsearddtips. Lesser evidence from 6
additional studies suggests that short wave, rstdition, occupational and digital TV
antenna exposures may produce similar neuropsyichedtects. Among the more
commonly reported changes are sleep disturbanoefimis, headache,
depression/depressive symptoms, fatigue/tiredngsssthesia, concentration/attention
dysfunction, memory changes, dizziness, irritapilioss of appetite/body weight,
restlessness/anxiety, nausea, skin burning/tinglexghographism and EEG changes. In
summary, then, the mechanism of action of microwiavig-s, the role of the VGCCs in
the brain, the impact of non-thermal EMFs on trerhrextensive epidemiological
studies performed over the past 50 years, anccfiteria testing for causality, all
collectively show that various non-thermal micro@d&MF exposures produce diverse
neuropsychiatric effects.
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Key Words: Excessive calcium effects; oxidativeefsative stress; low-intensity
microwave electromagnetic fields

Chemicals having roles:
Calcium(2+)

Nitric oxide (NO)

Oxido nitrite (peroxynitrite)

Introduction

Microwave syndrome (Hocking, 2001; Johnson LiakeutP98), a combination of
various neuropsychiatric symptoms originally desedi in persons with occupational
exposures to microwave frequency EMFs, has beguigid largely because of the lack
of an apparent mechanism for generating these syn®t It is reported to often include
such symptoms as fatigue, headache, insomnia, thgsés (impaired sensation),
irritability, lack of concentration and other symapts (Hocking, 2001; Johnson
Liakouris, 1998). Similar but more extensive @mations of symptoms have been
reported following occupational exposures in tw&lovernment reports from the
1970s/1980s (Naval Medical Research Institute RebdReport, 1971; Raines, 1981)
and following environmental exposures as describé@o more recent reviews
(Khurana et al, 2010; Levitt and Lai, 2010).

The goal here is not just to review the epidemip|dmpwever, but more importantly to
consider the issue of possible physiological meismafs). Hennekens and Buring
(1989), on p. 40 in their textbook EpidemiologyMedicine state "The belief in the
existence of a cause and effect relationship isiecdd if there is a known or postulated
biologic mechanism by which the exposure mightaaably alter risk of developing
disease." It is of critical importance therefaveassess possible biological mechanism
before considering the epidemiological evidence.

Accordingly, this paper considers the mechaniswhigh low intensity microwave

EMFs impact the cells of our bodies, how that ma@ra may be predicted to impact the
nervous system, evidence for such impact from exyaartal animal studies, genetic
polymorphism evidence for that mechanism actingumans to produce
neuropsychiatric effects and finally, the epidemgital evidence for such effects in
human populations with repeated low level microwB¥ exposure. Consideration of
each of these types of evidence influences theativaterpretation presented in this
paper.

Microwave/lower frequency EMFs act to activate agi-gated calcium channels

In 24 different studies reviewed earlier (Pall, 2D&and two additional studies (Li et al,
2014; Lisi et al, 2006), microwave and lower fregeyelow intensity EMF effects were
blocked or greatly lowered by calcium channel béysk agents thought to be specific for
blocking voltage-gated calcium channels (VGCCs)thkse 26 studies, a total of 5
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distinct types of channel blockers were used, @é&bh type having a distinct structure
and binding to a distinct site, such that it iseesiglly certain that these must be acting by
blocking VGCCs, which is their only known commormperty. In each of these 26
studies, each of the responses studied, were lilaokgreatly lowered by calcium
channel blockers, showing that VGCC activation mdes in producing a wide variety of
EMF effects. There is a large literature on charigecalcium fluxes and in calcium
signaling following microwave EMF exposure (pattiakviewed in Walleczek 1992;
Adey 1993); each of these, including calcium efftthanges, can be explained as being
due to VGCC activation, again suggesting a widesprele of VGCC activation in
producing biological responses to EMFs. Pilla @0showed that pulsed microwave
field exposure, produced an almost instantaneatrsase in calcium/calmodulin-
dependent nitric oxide (NO) signaling, providingosig evidence that these fields can
produce an almost instantaneous VGCC activatibis likely, that these EMFs act
directly on the voltage sensor of the VGCCs to poadVGCC activation (Pall, 2015)
with the voltage sensor being exquisitely sensitovehese EMFs because of its physical
properties and location in the plasma membrane.

EMFs have been proposed to act to produce a widetyaf responses in the cell, via
downstream effects of VGCC activation (Pall, 202314, 2015), including elevated
intracellular calcium [Ca2+]i, excessive calciundamtric oxide signaling and also
excessive peroxynitrite, free radicals and oxidastress.

VGCC activation has been shown to have a universakar-universal role in the release
of neurotransmitters in the brain and also in #lease of hormones by neuroendocrine
cells (Berridge, 1998; Dunlap et al, 1995; Wheeleal, 1994), with such release being
produced by calcium signaling. There are high iessof diverse VGCCs occuring in
neurons throughout the nervous system. Both e VGCC density and their function
in neurotransmitter and neuroendocrine releasaigfimaut the nervous system suggests
that the nervous system is likely to be highly geresto low intensity EMFs.

Genetic Polymorphism Studies

Genetic polymorphism studies are powerful toolddoking at the roles of specific
proteins in human populations. In Table 1, a sesfegenetic polymorphism studies have
been performed that show that an allele produciogeased expression of the gene
encoding the channel of the main L-type VGCC inliran, produces diverse
neuropsychiatric effects. These studies clearystinat excess L-type VGCC activity
can cause neuropsychiatric effects. They alsogyteberefore, that increased VGCC
activity produced by microwave EMFs may be ablalsm produce widespread
neuropsychiatric effects.

Tablel Influenceof Genetic Polymorphism of the CACNAIC in Producing
Diverse Neuropsychiatric Effects

Citation Genetic Polymorphism | Changes produced by allele of gene

Bhat ¢ al, | Polymorphisn Review: The polymorphism Is associated v
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2012 producing Increased increased susceptibility to bipolar disorder,
expression of “depression, schizophrenia, autism spectrum
CACNALC L-type disorders, as well as changes in brain functio
VGCC subunit and structure in control subjects who have no
diagnosable psychiatric illness.”
Bigos et al,| Polymorphism Associated with increases in both bipolar
2010 producing Increased disorder and schizophrenia
expression of
CACNALC L-type
VGCC subunit
Krug et al, | Polymorphism Negatively influences language production on
2010 producing increased semantic level
expression of
CACNALC L-type
VGCC subunit
Krug et al, | Polymorphism Influences episodic memory and retrieval
2014 producing increased
expression of
CACNALC L-type
VGCC subunit
Soeiro-de- | Polymorphism Produces impaired facial emotion recognition
Souza et | producing increased
al, 2012 expression of
CACNALC L-type
VGCC subunit
Tesli, et al,| Polymorphism Produces increased activation of the amygda
2013 producing increased during emotional processing
expression of
CACNALC L-type
VGCC subunit
Thimm et | Polymorphism Associated with attention deficits including
al, 2011 producing increased alerting, orienting and executive control of

expression of
CACNALC L-type
VGCC subunit

attention

Histological and Functional Changes in Central Mas/System (CNS) and Peripheral

Nervous System ((PNS) in Animals Exposed to MicresvBMFs

The most extensive literature on histological amttfional changes in animals is from
the Soviet literature from the 1950s/1960s withithololal Western literature from the
same time period. Both Soviet and non-Sovietditge were reviewed in an English
language Publication by Tolgskaya and Gordon (19718)s publication is, therefore,
the main focus of this section. That publicaticasvdivided into thermal and non-

a
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thermal exposure studies, with the non-thermalistiahich occupy the majority of the

text (pp. 53-137) being of sole interest here.

Table2 Histological and Functional Changesin Brain Function in Animals
following Exposureto Non-Thermal Microwave EMFs

Observationsincluding page numbers

Comment from Author

The majority of the histological changes seen foily
non-thermal exposures, occurred in the nervougsys
despite its being only about 2% of the tissue nrass
rodents; this suggests that the nervous systemghsyh
sensitive to such exposures. Elsewhere (p.129, 36
is suggested that the nervous system is the most
sensitive tissue, followed by the heart and thastes
among all of the tissues of the body. The mosgisev
histological changes produced by these non-thermal
EMF exposures occur in the nervous system (p. 136

High CNS sensitivity to EMFs
tis predicted by the high densit
of VGCCs that occur in
neurons throughout the
nervous system, plus the
VGCC role in neurotransmitte
and neuroendocrine release.

N

=

Pulsed fields were more active than non-pulseddiel
in producing histological changes (p. 71,97)

Pulsed fields have often been
found to be more biologically
active than are non-pulsed

from many countries (Pall,
2015, Panagopoulos et al,
2013; Belyaev, 2015)

fields in many different studies

D

Nervous system regions impacted by non-thermal
microwave and lower frequency fields include: egrt
diencephalon including the hypothalamus and
thalamus, hippocampus, autonomic ganglia, sensor
fibers, pituitary gland including neurohypophysis

y

Neuroendocrine changes seem to undergo change
increased time of exposure. Neurosecretion in the
hypothalamus and in the pituitary each go through a
complex sequence over time, where EMF exposure
initially produces increased hormone secretion but
where over time, the neurosecretory cells become
“exhausted”, leading to lowered secretion and meo
cases cell death (pp.77-96).

Ddevated [Ca2+]i stimulates
hormone secretion. However
when such elevated [Ca2+]i
occurs over extended time
periods it is highly damaging
to the cell, leading in some
cases to apoposis; thus this
time course of action should
not be surprising.

Histological changes include boutons/argyrophilia,
smaller neurons, vacuole formation in neuroendecri
cells, bead-like thickening along dendrites
(p.66,70,71,73,97,98,100,111,115-117,121-125).
Spines near the ends of dendrites become defornte
with still more sessions of irradiation, disappek

1 a
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entirely (p.70). Sensory neurons, following expesu
developed changes characteristic of irritationhwit
“marked tortuosity of the nerve fibers.” Many
histological changes are seen in the hypothalasiis ¢
(p-87-92) as their neuroendocrine function becomes

impacted. Histological changes were found eveh wit

exposures that produced no apparent functional
changes.

Many histological and functional changes are regzbrt
to initially be reversible, following cessation of
exposure, but progressively become irreversibla wit
longer exposure. (p.64,72,74). Paralleling the
development of irreversibility, it is found that
“Repeated exposure leads to gradual increase in
severity of observed changes.” ... including
“increasingly severe disturbance of conditionetkeref
activity in the animals, changes in responses of
animals particularly sensitive to acoustic stimolat..
" (p. 104)

If this is also true in humans,
then claims that there cannot
be non-thermal effects, claimg
which act to prolong
exposures, may be causing
irreversible damage to many
humans.

EEG changes (p. 55,60,102), including seizure igtiy
following sensory provocation

Lai, 1997 has an extensive
review of EEG changes in
animals following non-therma
microwave EMF exposures

Neurodegeneration is reported in a number of places

this review (p.72,83,117).

Synaptic connections in regions of the brain are
disrupted (p.65-74, 97,113,121,136), and at the
extreme, some neurons are completely asynapti8)(p

Synaptic connections are
known to be disrupted in

autism may be generated by

EMF exposure? No doubt, w
need much more evidence on
this.

“after prolonged and repeated irradiation with low-
intensity centimeter waves, with no elevation & th
body temperature and when the animal’s condition
remained satisfactory, changes were nevertheless! f
in the sensory fibers of the skin and viscera enfdrm
of irritation phenomena. These findings concuihwit
the view in the literature that the receptor syséana
whole and, in particular its preterminal portiome a
highly sensitive.” P.76. This description is sianito
what is reported to occur in electromagnetic
hypersensitivity (EHS). Other such studies are

described and include cumulative changes over time,jmportance that this be furthe

that may also explain changes reported in EHS
(p.75,99,100,104).

One wonders whether almost
60 years ago, the Soviet
literature may have already
pdescribed a possible animal
model for EHS. None is
known to exist today, and
because of that, EHS studies
are severely constrained.
Clearly one needs to be
skeptical about this
interpretation, but it is of great

studied.

Autism; could this suggest that

D
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These were all derived from the Tolgskaya and Goiv3 review and page numbers
listed are page numbers from that document. Adirr® changes produced by non-
thermal exposures in the nervous system of expatahanimals, with most being in
rats.

This discussion scrolls down through Table 2.

The majority of the histological changes seen @séhmostly rodent studies, are seen in
the nervous system, despite its being less thanfae rodent cell mass. There are
statements made that the nervous system, botratantt peripheral, is the most highly
sensitive tissue to these non-thermal microwavel@andr frequency EMFs. Following
the nervous system in sensitivity are the myocandind the testis; myocardial cells are
known to have very high densities of VGCCs withezsally high densities in the
pacemaker cells and the testis is known to have démsities specifically of the T-type
VGCCs. Pulsed EMFs are more active in producisgplogical changes in the brain
than are non-pulsed fields, in two studies revieweere is a much larger literature
showing that in most cases pulsed fields are miotedically active (Pall, 2015,
Panagopoulos et al, 2013, Belyaev, 2015).

A wide variety of brain and peripheral nervous sgstissues show histological changes
following non-thermal exposures. Among the impotttissues impacted are the
hypothalamus and pituitary gland, where both shiowlar patterns of changes in
neuroendocrine activities. There Is an initiakr@sse in neuroendocrine activity (this
may be produced directly by VGCC stimulation ofreéion), followed over time by
“exhaustion” of neuroendocrine activity (this magyroduced by tissue damage
produced from long term intracellular calcium [CH2elevation).

There are widespread histological changes produnceduronal and neuroendocrine
tissues. These were repeatedly reported to belyargversible on cessation of EMF
exposure. They become, however, irreversible vexgrosure is extended in time. There
are changes in EEG activity, which may be an easdgsurable monitor of neurological
damage.

In a summary statement, Tolgskaya and Gordon, $8#8 “This does not confirm the
view,so widely held in the past among Soviet iniggors and still maintained to a large
extent even at the present time in the West, tieattion of microwaves is entirely
thermal.”

While there were many studies of brain impact af-titermal EMFs performed in the
1950s/60s that make the information content of Skdga and Gordon, 1973 quite high,
there is also a substantial recent literature ambeffects of non-thermal microwave

EMF exposures (see, for example: Ammari et al3a0@mmari et al, 2008b; Bas et al,
2009; Brillaud et al, 2007; Carballo-Quintas, et2fl11; Eberhardt et al, 2008; Dasdag et
al, 2009 & 2012; Grafstrom et al, 2008; Kumlin £t2007; Lépez-Martin, 2006;
Mausset-Bonnefont et al, 2004; Odacia et al, 26@8betli, et al, 2010; Salford et al,
2003; Sonmez et al, 2010).
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Older Epidemiological Reviews and Other Relatediesi

Two U.S. Government reports each listed many appaeuropsychiatric effects of
microwave/radiofrequency EMFs and a third recoghire role of non-thermal effects
on our bodies, but had only a little consideratdneuropsychiatric effects.

The earliest to these was a Naval Medical Resdastitute (NMRI) Research Report
(1971) which listed 40 apparent neuropsychiatrenges produced by non-thermal
exposures:, including 5 central/peripheral nengystem (NS) changes, 9 CNS effects, 4
autonomic system effects, 17 psychological disa,débehavioral changes and 2 misc.
effects. This NMRI report also provided a suppletagndocument listing over 2300
citations documenting these and other effects afamiave exposures in humans and in
animals.

The Raines (1981) NASA report reviewed extensitezdiure based on occupational
exposures to non-thermal microwave EMFs, with litestature coming from U.S.,
Western European and Eastern European studiese &teno obvious differences in the
literature coming from these different regions.s&hon multiple studies, Raines (1981)
reports 19 neuropsychiatric effects to be assatiatth occupational
microwave/radiofrequency EMFs.

The Bolen (1994) report put out by the Rome Latlwyadf the U.S. Air Force,
acknowledged the role of non-thermal effects ofrov@ave EMFs on humans. This
report states in the Conclusion section that “Expental evidence has shown that
exposure to low intensity radiation can have aquntl effect on biological processes.
The nonthermal effects of RF/MW radiation exposanebecoming important measures
of biological interaction of EM fields.” Clearly Ben (1994) rejects the claim that only
thermal effects occur. Bolen (1994) discusses aifsp@on-thermal neuropsychiatric
effect, where anesthetized animals are awakened thieehead is irradiated with
microwave EMFs. This suggests a similar mechamgsthat acting in humans where
such EMFs produce insomnia (see below).

Specific Epidemiological Studies on Neuropsychiaftffects of Microwave EMFs

There are 26 different epidemiological studies dbed in Table 3. Although 4 of these
only studied a single neuropsychiatric effect, 2these each provide substantial
evidence for the pattern described in the earli&. teports, that a wide range of
neuropsychiatric effects are produced by exposuvatious non-thermal microwave
frequency EMFs. Perhaps the most important ofetl2ésis the Santini et al, 2003 study
of people living near cell phone base stations.

Table 3: Neuropsychiatric Symptoms Apparently Produced by Exposureto
Various Electromagnetic Fields

| Citation | EMFE exposure | Apparent neuropsychiatric symptoms |

Page 8 of 25



Abdel-Rassoul
et al, 2007

Living near mobile
phone base station

Significant increases in neuropsychiatric
complaints included: headache, memory
changes, dizziness, tremors, depressive
symptoms, sleep disturbance; attributed t
effects of EMFs on the human nervous
system

Al-Khlaiwi &
Meo, 2004

Mobile phone use

Higher prevalence of fatigue, hehd,
dizziness, tension and sleep disturbance;
the authors conclude that mobile phone u
is a risk factor for developing these
symptoms

Altpeter et al,
2000

Short-wave broadcastin
tower, ranging from 6.1
to 21.8 MHz

gSleep disruption shown to occur, correlats
with exposures and apparent increase ov
time; short term suppression of melatonin

shown, based on melatonin increases duri

a 3 day period when the tower was turneq
off.

Bortkiewicz A
et al, 2004

Living near cell phone
base station EMFs

Sleep disturbance, irritability, depression,
blurred vision, concentration difficulties,
nausea, lack of appetite, headache, vertig

(0]

Bortkiewicz A
et al, 2012

Living near mobile
phone base stations

Dose response relationships for sleep
disturbance, irritability, depression, blurre
vision, concentration difficulties, nausea,
lack of appetite,

Chuetal, 2011
Also Chia et al,
2000; Oftedal
et al 2000

Mobile phone use

Headache during prolonged mohitee
use or within an hour following such use,
with pain occurring on the ipsilateral side
the head; similar observations obtained ir
each of the 3 studies in column 1; see alg
Frey 1998

of

o

Conrad RH,
2013

Smart meter EMF
exposure

14 common new symptoms (both severe
and moderate) among those exposed anc
symptomatic, 13 apparent neuropsychiatr
Insomnia, tinnitus, pressure in the head,
concentration difficulty, headaches,
memory problems, agitation, dizziness,
fatigue, skin tingling/burning, involuntary
muscle contractions, eye/vision problems
numbness; These ranged in prevalence
from 63% to 19% of those experiencing
symptoms, such that most symptomatic
people experienced multiple symptoms

ic:

Dasdag et al,
1992

People working in MW
broadcasting or at a
television transmitter
station

These groups suffered from headache,
fatigue, irritability, stress, sleepiness, loss
appetite, loss of hearing

of
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Dwyer and
Leeper, 1978

People working in
radiofrequency EMFs

Headache, eyestrain, dizziness, disturbed
sleep, daytime sleepiness, moodiness,
mental depression, memory impairment,
muscle and/or cardiac pain, breathing
difficulties, increased perspiration,
difficulty with sex life

1]

C

all

a

|®N

=

Eger & Jahn, | Living near mobile Neuropsychiatric symptoms, with most

2010 phone base station showing dose-response relationships:
depression; headache; cerebral symptoms;
dizziness; disorders of optical and acoust
sensory systems; sleep disturbance; skin
changes; with the exception of dizziness,
of these had p<0.001

Johnson Study of personnel in | Statistically significant increases in

Liakouris AG, | U.S. embassy in neurological (peripheral nerves and

1998 Moscow exposed to ganglia), dermographism (skin responses

microwave EMFs irritability, depression, loss of appetite,

concentration difficulties, peripheral gang
and nerve dysfunction

Khan MM, Excessive mobile phone Complaints of headache, fatigue, impaire

2008 use concentration, memory disturbance,
sleeplessness, hearing problems

Kolodinski & Children living near a | Memory dysfunction, attention dysfunctior

Kolodinska Radio Location Station,| lowered motor function, slowed reaction

1996 Latvia time, lowered neuromuscular endurance

Lamech F, Exposure to wireless | The most frequent symptoms to develop

2014 smart meter radiation in after smart meter radiation exposure were

Victoria, Australia

insomnia, headache, tinnitus, fatigue,
cognitive disturbances, dysesthesias
(abnormal sensation), dizziness

D

Navarro et al,
2003

Living near cell phone
base station

Statistically significant dose response
relationships for fatigue, irritability,

headache, nausea, loss of appetite, sleef
disorder, depressive tendency, feeling of
discomfort, difficulty of concentration, losg
of memory, visual disorder & dizziness

D

Oberfeld et al,
2004

Living near cell phone
base station

Statistically significant dose-response
relationships for headache, fatigue,
irritability, loss of appetite, visual disorder
nausea, sleeping disorders, dizziness, po
concentration, memory loss

or

Oto et al, 1994

Occupational exposur
of 25 workers to either
UHF television
broadcasting (10) or to
1062 KHz mdium

210 neuropsychiatric changes were assess
all showing statistically significant change
compared with controls: Somatization*,
obsessive compulsivity*, interpersonal
sensitivity, depression, anxiety*, hostility

sed,
S
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wave broadcasting (15)

phobic anxiety*, paranoghtcbn,
psychoticism*, sleeping disturbance.
*p<0.001

(D

Sadcikova, Occupational exposure| Heaviness in head*, fatigue*, irritability*,
1974 to microwave radiation,| sleepiness, memory loss*, cardiac pain*,
including at <.07 dermographism (skin sensitivity)*,
mW/cnt hyperhidrosis*

* significant increase with time of exposuie

Salama et al, | High cell (mobile) Most common effects were headache, ear

2004 phone use ache, sense of fatigue, sleep disturbance
concentration difficulty, face burning
sensation. The first three of these had v
high statistical significance for correlation
with extent of cell phone use.

Santini et al, Living near cell phone | Each of the following neuropsychiatric

2003 base stations symptoms showed statistical significant
dose-response relationships: nausea, loss
appetite, visual disturbance, irritability,
depressive tendencies, lowered libido,
headache, sleep disturbance, feeling of
discomfort, fatigue

Schiz et al, Mobile phone use Found a small, statistically gigant

2009 increase in migraine and vertigo. Also

found an apparent lowered occurrence of
Alzheimer’s, other dementia, Parkinson’s

and epilepsy — these latter were interpreted
of

as being due to perhaps early symptoms
the developing diseases lowering
probability of acquiring a mobile phone

Soderqvist et
al, 2008

Use of mobile phone
among adolescents

Increased mobile phone use was associ
with increases in tiredness, stress, head
anxiety, concentration difficulties and sleg
disturbances

Thomée et al,
2011

High mobile phone use

High mobile phone use wascased with
statistically significant rises in stress and
sleep disturbance, with somewhat weaker
association with depression

Waldmann-
Selsam C, et al
2009

Digital TV signaling

Constant headaches, pressufresad,
drowsiness, sleep problems, tightness in
chest, shortness of breadth, depressive
mood, total apathy, loss of empathy,
burning skin, inner burning, leg weakness,
pain in limbs, stabbing pain in various
organs, weight increase

P

ted

he,
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There are three recent studies on the generatibaaafache during or shortly following
long mobile phone calls (listed under Chu et al,2h Table 3). The timing of
development of these headaches and the findinghtégioccur on the ipsilateral side of
the head, the side receiving much higher EMF exggoguring the call, both argue
strongly that these headaches are caused by theriohile phone calls. Such causality
was concluded earlier by Frey, 1998 based on eatlielies and is now still more
strongly documented.

Criteria for Assessing Causality In Epidemiologi8alidies

It is important to consider the different critetiat allow one to judge whether a cause
and effect relationship is justified by the studisted in Table 3 and the individual
studies cited in Raines, 1981. There are five suitéria that should be considered in
making that judgment (See pp.39-43 in Henningtah Buring, 1987):

Strength of Associationls there a strong correlation between exposudetiae
neuropsychiatric symptoms? There clearly is foesal studies cited in Raines, 1981.
One example is the Dwyer and Leeper, 1978 studyTable 3) where there is a large
increase in symptoms and where that increase &egrevith longer occupational
exposure. Another example is the Lerner, 198@ystfi 1300 microwave workers,

where workers with relatively low exposure levedsilan approximate doubling of
neurological complaints and where those with suttistily higher exposure levels had an
approximate tripling of neurological complaints oeentrols. Sadcikova, 1974 found
that 7 of 8 neuropsychiatric symptoms studied, stbw statistically significant rise in
prevalence with longer occupational exposure (s##el3). Sadcikova, 1974, also found
that microwave workers had increases of 3 to o@diold in: feeling of heaviness in the
head; tiredness; irritability; sleepiness; patials of memory; and skin sensitivity.

There is also a strong association where importewt exposures occur — this is clearly
the case with all of the studies of people livimgncell/mobile phone base stations,
listed in Table 3 and also with the two studiep@bple who become exposed to radiation
from smart meters. The studies listed in Tablea@an Chu et al, 2011 (see also Chia et
al, 2000; Oftedal et al 2000) are of a special tyere people making very long (over 1
h.) cell/mobile phone calls develop headaches an dlomore following the initiation of
the long call. So these occur within a specifieirange following initiation of these

long calls, such that headache would only occuwy wdrequently in that time frame by
chance. So here again, there is a strong assotidiVhile there is no question that many
of these studies show high strength of associatiaalso clear that it is becoming
progressively more difficult to do these studiés exposures become almost universal
in countries around the world, it is getting ditfitif not impossible to find good negative
controls. There may be a similar problem in dangnal studies, such that it may be
necessary to raise animals in Faraday cages im trédeoid exposures that would
otherwise occur as a consequence of our near tibigUEMFs.

Biological credibilityis extremely strong here, with three aspects @biblogy
predicting that these low intensity fields causdespread neuropsychiatric effects. This
was discussed above and is reconsidered in theniold section.
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Consistencyithin the different epidemiological studies aniihaother types of studies:
The epidemiological studies listed in Table 3 also $hose showing neuropsychiatric
effects that were cited in Raines, 1981 have beeiopned in many different countries
with different cultures. They have been performrenhultiple countries in Western
Europe, Eastern Europe, the Middle East and in Asist as well as in the U.S. and
Australia. They are, therefore, not limited to @améwo cultural contexts. This is
deemed, therefore, an important indicator of catysalVe also have a surprising
consistency of apparent neuropsychiatric effectiféérent fields, including various
occupational exposures and exposures to cell/mphi@e base stations, exposure to the
phones themselves, exposure to smart meter palsésther EMFs (see Table 3).
Pulsation patterns, frequencies and exact intessitiay produce various biological
responses (Pall, 2015, Panagopoulos et al, 201 ad3e 2015) so it is a bit surprising
that we have as much consistency as we do havssadgifferent types of exposures. We
also have consistency with the biology discussdtemrevious section. Because
elevated VGCC activity produced by genetic polynmism (Table 1) produces diverse
neuropsychiatric effects, it is not surprising taktvation of VGCC activity produced by
microwave EMF exposure apparently also producesrsiévneuropsychiatric effects.
Similarly because non-thermal EMF exposures progidespread changes in brain
structure and function in animals (Tolgskaya andd@o, 1973), it is not surprising that
the neuropsychiatric symptoms, which are produsea @onsequence of brain
dysfunction are produced by such EMFs.

Time sequencelt is clear that the all of these effects follewposure in the various
studies that have been published. In some stutlissalso clear that longer occupational
exposure times produce increased symptom prevaléefuese include Dwyer and
Leeper, 1978 and Baranski and Edelwejn, 1975. &hbservations all support a causal
relationship between exposure to EMF and the dewvedmt of neuropsychiatric
symptoms.

Dose-response relationshift is assumed, here, that biological effectsenaositive
correlation with the intensity of the apparent @ssressor. This is not necessarily true
of EMF effects, because it has been shown thag e “window effects” where specific
intensities have larger biological effects, tiureither lower or higher intensities (Pall,
2015, Panagopoulos et al, 2013, Belyaev, 2015)eftleeless, where different
intensities were studied in these epidemiologitadies, they do show the dose-response
relationship assumed here including Altpeter e2@00; Dwyer and Leeper, 1978; Eger
and Jahn, 2003; Lerner, 1978; Navarro et al, 2Q0rfeld et al, 2004; Salama et al,
2004; Santini et al, 2003; Thomée et al, 2011. sTthese data do fit well to the assumed
dose-response relationship, found in most caused.rorhe Altpeter et al, 2000 study
showed a special type of evidence for causalityindua 3-day period when the
broadcasting tower was turned off, the melatonmelerecovered to near-normal levels.
The studies of headache occurrence on prolong#dhoélle phone calls (typically well
over one hour) listed under Chu et al, 2011 in &&also suggest the assumed dose-
response relationship (see also Chia et al, 2068¢d@l et al 2000 and earlier citations
listed in Frey, 1998). Because such headachesooolyr with prolonged cell/mobile
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phone calls, these studies also provide eviderrca flmse-response relationship because
low doses are ineffective. Furthermore these sstodies provide evidence for such a
dose-response relationship from another type aéreasion. Because the headaches
occur predominantly on the ipsilateral side ofltlead which receives much higher EMF
exposure intensity, rather than on the contralbstde of the head, which receives much
lower intensities, this provides an additional tgbevidence for the predicted dose-
response relationship.

While the evidence is convincing that the varioagnopsychiatric apparent
consequences of microwave EMF exposure are ircatted by such exposures, there
may be somewhat more controversy about another B&liFepsychiatric linkage. Havas
et al (2010) have reported a similar list of negsmhiatric symptoms in electromagnetic
hypersensitivity (EHS) patients. They found thextleof the following symptoms were
common in EHS: poor short term memory; difficudfiyconcentration; eye problems;
sleep disorder; feeling unwell; headache; dizzingssitus; chronic fatigue; tremors;
body pain; difficulty speaking; tingling sensationfeet or hands; difficulty writing;
difficulty walking; migraine. The similarity of #se symptoms to the most commonly
found symptoms following non-thermal microwave EBM¥posures (Table 3), suggests
that EHS is a genuine sensitivity to EMFs. Inltegtom row in Table 2, sensitivities
were found in rodent studies following non-thermgbosure, that suggest a possible
animal model for the study of EHS. Each of thebkSEelated issues needs to be
followed up experimentally.

Discussion and Conclusians

In the previous section, each of the five critéoiaassessing whether an epidemiological
association is causal were considered. Thosafiw¢Hennekens and Buring, 1989): 1.
Strength of association; 2. Biological credibili8¢; Consistency; 4. Time sequence; 5.
Dose-response relationship. Each of these fiveigeostrong support for causality such
that the combination of all five provide compelliagidence for causality. Low-intensity
microwave frequency EMFs do cause diverse neurbysyic symptoms. While each of
these five is important here, the one that is nmopbrtant is the criterion of biological
credibility.

Three related sets of biological observations gaeHict that low-intensity microwave
EMFs produce widespread neuropsychiatric effects:

1. Such EMFs act via activation of VGCCs, actingtigh the VGCC voltage
sensor which is predicted to be exquisitely seresiio these EMFs (Pall, 2015).
VGCCs occur in high densities throughout the nesveystem and have essential
roles throughout the nervous system in releasingatensmitters and
neuroendocrine hormones. These properties preédeefore, that these low
intensity non-thermal microwave EMFs cause widespichanges in the nervous
system, causing, in turn, diverse neuropsychiaffects.

2. Elevated VGCC activity, produced by an allelehef CACNA1C gene which
encodes the channel of the main L-type VGCC irnbitaén, produces various
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neuropsychiatric effects (Table 1). This preditist low intensity non-thermal
microwave frequency EMFs which also produce elalateype and other VGCC
activity, therefore produce widespread neuropsychiaffects.

3. Studies reviewed in the Tolgskaya and Gordor3¥ublication (Table 2) have
shown that the cells of the mammalian nervous systeow high sensitivity to
various non-thermal microwave and lower frequen®iFg, being apparently
more sensitive than any other organ in the bodpadénts. These studies predict
that the human nervous system is likely to be sirtyilsensitive to these EMFs,
predicting, therefore, widespread neuropsychiatfiects in humans.

We not only have biological credibility but moreportantly, each of these distinct but
interrelated biological considerations predictd tba-intensity, non-thermal microwave
EMFs produce widespread neuropsychiatric effedihat common prediction is verified
by extensive data summarized in citations proviofethe Naval Medical Research
Institute Research Report, June 1971, data pro\bgiéithe Raines, 1981 NASA report,
and by 26 epidemiological studies summarized ind 3b

The most commonly reported neuropsychiatric symptbmom these studies are
summarized in Table. 4.

Table4. Commonly Reported Neuropsychiatric Symptoms following Microwave
EMF Exposure

Symptom(s) Numbersof studies
reporting
Sleep disturbance/insomnia 17
Headache 14
Fatigue/tiredness 11
Depression/depressive symptoms 10
Dysesthesia (vision/hearing/olfactory dysfunction) 10
Concentration/attention/cognitive dysfunction 10
Dizziness/vertigo 9
Memory changes 8
Restlessness/tension/anxiety/stress/agitatiornigeli 8
discomfort
Irritablity 7
Loss of appetite/body weight 6
Skin tingling/burning/inflammation/dermographism 6
Nausea 5

A total of 22 different studies described in TaBleere used for data for this table, but
not 4 others that only assessed a single neurojasgictend point. The Altpeter study
which only assessed sleep disturbance/melatoniletitapand the three studies listed
under Chu et al which only assessed headache eacerfollowing long cell phone calls,
listed in Table 3 weraot included. Because many of the studies only asddssm 3 to

7 specific symptoms, it is not surprising that thenbers of studies reporting a specific
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symptom fall far below 22. Where several symptasaaiiptions were included under
one heading, such as dysesthesia, if a study hael ttman one of these symptom
descriptions, it was only counted once.

All the symptoms listed in Table 4 should be coarsed established parts of microwave
syndrome (Hocking, 2001; Johnson Liakouris, 199B)en if the statistical significance
in each study was of the lowest statistical sigatfice (p<.05) one would expect only 1
positive study to occur at random out of the 22liesiincluded here. Because many
individual symptoms were not surveyed in many irdiral studies, the expectation is
substantially lower than that. Each of these, mgghown positive results in 5 or more
studies, are highly unlikely, therefore, to havewced by chance. Stong statistical
significance is also seen for individual neuropsatic effects reported to have p<0.001
in the Eger and Jahn, 2010 and Otto et al, 199esti{see Table 3).

EEG changes may well be part of microwave syndr@sayell. While none of the
studies described in Table 3 measured EEGs, gikestof human occupational exposure
cited in the Raines, 1981 showed EEG changes (Blarand Edelwejn, 1975; Bise,
1978; Dumanskij and Shandala, 1974; Lerner, 19&@fldnd Weisinger, 1973,
Sheppard and Eisenbud,1977). Murbach et al, 2@éd 10 human studies in support of
their statement that “The most consistently rembetéects (of mobile phone use) in
various studies conducted by different laboratoaieschanges in the
electroencephalogram (EEG) power spectrum.” Theeent studies (Lustenberger et al,
2013; Schmid et al, 2012a,b) and several earliglies cited in Wagner et al (1998) have
each shown EEG changes in sleeping humans exposeithermal pulsed microwave
fields. Two recent studies showed EEG changesiisoms exposed to Wi-Fi fields
(Maganioti, 2010; Papageorgiou, 2011). Lai, 1983adibed 8 animal studies showing
changes in EEG patterns in animals exposed to memmatal EMFs and three additional
animal studies were described in Tolgskaya and @gril973. With the exception of the
6 studies cited in the second sentence in thigpapa, all of these are direct
experimental studies which are not, therefore, eqisidle to the questions of causality
that can be raised about epidemiological studieis. the author’s view that future
studies should consider studying EEG changes abjantively measurable assessment
of brain physiology and that before and after insesl exposure studies should be
considered when a new EMF source is to be intratiude human populations. While
such studies must be done carefully, given the ¢exity of EEGs, even very small
numbers of individuals may produce highly stataticsignificant results in well
designed studies analyzed with paired t-tests.

One of the citations from the previous paragrapse BL978 reviewed earlier studies of
low level microwave frequency exposures in humarsa@ncluded that such EMFs
produced the following neuropsychiatric effect®atiache, fatigue, irritability, dizziness,
loss of appetite, sleepiness, sweating, difficaftgoncentration, memory loss,
depression, emotional instability, dermographisembor, hallucinations and insomnia.
The strong similarity of this list from 37 yearsoaand the list in Table 4 should be noted.
The Bise, 1978 list is based on occupational exgostudies whereas the current list in
Table 4 is based primarily on EMF exposures froftimebile phone base stations, from
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heavy cell phone usage and from smart metieree types of exposures that did not exist

in 1978. The strong similarity between the Bise, 1978disd the current one 37 years
later alone produces a compelling argument thal theeuropsychiatric effects found on
both lists are caused by exposure to multiple tygddsw-intensity microwave EMFs.

The pattern of evidence is compelling in suppothefearlier statement of Levitt and Lai
(2010) that “The primary questions now involve sfieexposure parameters, not the
reality of complaints or attempts to attribute sgoimplaints to psychosomatic causes,
malingering or beliefs in paranormal phenomena.”

We can barely imagine how the combinations of ngsyohiatric effects, including those
in Table 4, will influence human behavior and sbriteractions, now that the majority

of the human populations on earth are exposeddbiegreasing intensities and diversity
of microwave frequency EMFs. You may recall thaee of the occupational exposure
studies cited in (Raines, 1981 showed increasiaggience of neuropsychiatric
symptoms with years of exposure to consistent pettef EMF exposure intensities
(Dwyer and Leeper, 1978, Sadcikova, 1974 and Baramsl Edelwejn, 1975). With

ever increasing exposures in human population$yave no idea what the consequences
of these ever increasing exposures will be.

The author declares no conflict of interest.

References Cited:
Abdel-Rassoul G, El-Fateh OA, Salem MA, MichaelFarahat F, EI-Batanouny
MA, Salem E. 2007 Neurobehavioral effects amarngbitants around mobile

phone stations. Neurotoxicology 28:434-440.

Adey WR. 1993 Biological effects of electromagaéelds. J Cell Biochem
51:410-416.

Al-Khlaiwi T, Meo SA. 2004 Association of mobifgone radiation with fatigue,
headache, dizziness, tension and sleep disturlyaiSzaidi population. Saudi Med J
25:732-6.

Altpeter E, Battaglia M, Bader A, Pluger D, MindE, Abelin T. 2000
http://www.salzburg.gv.at/Proceedings %2819%29 &#ppdf

Ammari M, Brillaud E, Gamez C, Lecomte A, Sakly Mydelmelek H, de Seze R.
2008a Effect of a chronic GSM 900 MHz exposurgla in the rat brain. Biomed
Pharmacother 62:273-281.

Ammari M, Lecomte A, Sakly M, Abdelmelek H, de-Sdze 2008b Exposure to

GSM 900 MHz electromagnetic fields affects cereby@bchrome ¢ oxidase activity.
Toxicology 250:70-74.

Page 17 of 25



Baranski S, Edelwejn Z. 1975. Experimental motpgic and
electroencephalographic studies of microwave effentthe nervous system. Ann N
Y Acad Sci 47:109-116.

Bas O, Odaci E, Kaplan S, Acer N, Ucok K, Colakaglu2009 900 MHz
electromagnetic field exposure affects qualitatime quantitative features of
hippocampal pyramidal cells in the adult female Bitain Res 1265:178-185.

Belyaev I. 2015 Biophysical mechanisms for nontred microwave effects. In
Electromagnetic Fields in Biology and Medicine, MaS. Markov, ed,, CRC Press,
New York, pp 49-67.

Berridge MJ. 1998 Neuronal calcium signaling.uia 21:13-26.

Bhat S, Dao DT, Terrillion CE, Arad M, Smith RJ,I&ttov NM, Gould TD. 2012
CACNALC (Cavl.2) in the pathophysiology of psych@tlisease. Prog Neurobiol
99:1-14.

Bigos KL, Mattay VS, Callicott JH, Straub RE, Vakikaka R, Kolachana B, Hyde
TM, Lipska BK, Kleinman JE, Weinberger DR. 2010n@tc variation in
CACNALC affects brain circuitries related to menlialess. Arch Gen Psychiatry
67:939-945.

Bise W. 1978 Low power radio-frequency and micwes effects on human
electroencephalogram and behavior. Physiol Cheys P®:387-398.

Bolen SM. 1994 Radiofrequency/Microwave Radiatological Effects and
safety standards: a review. AD-A282 886, Rome tatooy, U.S. Air Force Material
Command, Griffiss Air Force Base, New York.

Bortkiewicz A, Zmyslony M, Szyjkowska A, Gadzicka 2004 [Subjective
symptoms reported by people living in the vicirofycellular phone base stations:
review]. Med Pr 55: 345-51.

Bortkiewicz A, Gadzicka E, Szyjkowska A, Pofitki P, Mamrot P, Szymczak W,
Zmyslony M. 2012 Subjective complaints of peopleriyinear mobile phone base
stations in Poland. Int J Occup Med Environ HeahtB31-40.

Brillaud E, Piotrowski A, de Seze R. 2007 Effettain acute 900MHz GSM
exposure on glia in the rat brain: a time-dependtardy. Toxicology 238:23-33.

Carballo-Quintds M1, Martinez-Silva |, Cadarso-®8a&t, Alvarez-Figueiras M,
Ares-Pena FJ, Lopez-Martin E. 2011 A study ofrotxic biomarkers, c-fos and
GFAP after acute exposure to GSM radiation at 96 lvh the picrotoxin model of
rat brains. Neurotoxicology 32:478-494.

Page 18 of 25



Chia SE, Chia HP, Tan JS. 2000 Prevalence of lsbadamong handheld cellular
telephone users in Singapore: a community studyir&mHealth Perspect 108:1059-
1062.

Chu MK, Song HG, Kim C, Lee BC. 2011 Clinical ieees of headache associated
with mobile phone use: a cross-sectional studynimarsity students. BMC Neurol.
2011 Sep 26;11:115. doi: 10.1186/1471-2377-11-115.

Conrad RH. 2013 Smart meter health effects suanelyreport.
http://www.mainecoalitiontostopsmartmeters.org/wp-
content/uploads/2013/02/Exhibit-D-Smart-Meter-Hedtffects-Report-w-
AppendicesV3-1-9Reduced-Appendices.pdf

Dasdag S, Akdag MZ, Ulukaya E, Uzunlar AK, Ocak ZR09 Effect of mobile
phone exposure on apoptotic glial cells and statusidative stress in rat brain.
Electromagn Biol Med 28:342-354.

Dasdag S, Akdag MZ, Kizil G, Kizil M, Cakir DU, Yais B. 2012 Effect of 900
MHz radio frequency radiation on beta amyloid pirgterotein carbonyl, and
malondialdehyde in the brain. Electromagn Biol N8dd67-74.

S. Dasdag, K. Balci, M.S. Celik, S. Batun, A. Kapld. Bolaman, S. Tekes & Z.
Akdag. 1992 Neurologic and Biochemical Findingd £D4/CD8 Ratio in People
Occupationally Exposed to RF and Microwave, Biotexdbgy & Biotechnological
Equipment, 6:4, 37-39

Dumanskij, J. D., and Shandala, M. G., 1974. Théohic action and hygienic
significance of electromagnetic fields of superkhad ultrahigh frequencies in
densely populated areas. Effects and Health Hazoddscrowave Radiation,
Proceedings of an International Symposium, Ward®al,8 Oct. 1973, P. Czerski et
al., eds

Dunlap K, Luebke JL, Turner TJ. 1995 Exocytic Cehannels in the mammalian
central nervous system. Neurosci 18:89-98.

Dwyer MJ, Leeper DB. 1978 A Current LiteraturepBe on the Carcinogenic
Properties of lonizing and Nonionizing RadiatidbHEW Publication (NIOSH) 78-
134, March 1978.

Eberhardt JL, Persson BR, Brun AE, Salford LG, Mgiem LO. 2008 Blood-brain

barrier permeability and nerve cell damage in rairbl4 and 28 days after exposure
to microwaves from GSM mobile phones. ElectromBgi Med 27:215-229.

Page 19 of 25



Eger H, Jahn M. 2010 Specific symptoms and ramidtom mobile basis stations
in Selbitz, Bavaria, Germany: evidence for dosegtffelationship. Umwelt —
Medizin Gesellschaft 23:130-139.

Frey AH. 1998 Headaches from cellular telephonesthey real and what are the
implications? Environ Health Perspect 106:101-103.

Grafstrom G, Nittby H, Brun A, Malmgren L, Pers€BR, Salford LG, Eberhardt J.
2008 Histopathological examinations of rat braifterdong-term exposure to GSM-
900 mobile phone radiation. Brain Res Bull 77:2%8-.

Havas M, Marrongelle J, Pollner B, Kelley E, Red®G; Tully L. 2010 Provocation
study using heart rate variability shows microweagiation from 2.4 GHz phone
affects autonomic nervous system. Eur J Oncolraiip5:273-300.

Hennekens CH, Buring JE. 1989 Epidemiology in Mie@. Boston, Little Brown
and Co.

Hocking B. 2001 Microwave sickness: a reapprai€atcup Med 51:66-69.

Johnson Liakouris AG. 1998 Radiofrequency (REksess in the Lilienfeld study:
an effect of modulated microwaves? Arch Enviroralte53:226-228.

Khan MM. 2008 Adverse effects of excessive mopkiene use. Int J Occup Med
Environ Health 21:289-293.

Khurana VG, Hardell L, Everaert J, Bortkiewicz Aarberg M, Ahonen M. 2010
Epidemiological evidence for a health risk from n@lphone base stations. Int J
Occup Environ Health 16:263-267.

Kolodynskii AA, Kolodinska VV. 1996 Motor and pdyological functions of
school children living in the area of the SkrundadR® Location Station in Latvia.
Sci Total Environ 180:87-93.

Krug A, Nieratschker V, Markov V, Krach S, JansenZa&rres K, Eggermann T,
Stocker T, Shah NJ, Treutlein J, Mihleisen TW, KacT. 2010 Neuroimage.
49:1831-1836.

Krug A, Witt SH, Backes H, Dietsche B, NieratschkgiShah NJ, Nothen MM,
Rietschel M, Kircher T. 2014 A genome-wide supedrtariant in CACNA1C
influences hippocampal activation during episodermory encoding and retrieval.
Eur Arch Psychiatry Clin Neurosci 264:103-110.

Kumlin T, livonen H, Miettinen P, Juvonen A, vanden T, Puranen L, Pitkdaho R,
Juutilainen J, Tanila H. 2007 Mobile Phone Radimand the Developing Brain:
Behavioral and Morphological Effects in Juvenileé$aRadiat Res 168:471-479.

Page 20 of 25



Lai H 1997 Neurological effects of radiofrequemtgctromagnetic radiation relating
to wireless communication technology. Paper piteseat the IBC-UK Conference:
“Mobile Phones — Is There a Health Risk?”
www.papcruzin.com/radiofrequency/henry_lail.htm

Lamech F. 2014 Self-reporting of symptom develeptirom exposure to
radiofrequency fields of wireless smart meters ictdfia, Australia: a case series.
Altern Ther Health Med 2014;20:28-39

Lerner EJ. 1980 RF radiation: Biological effectSEE Spectrum 17(Dec 1980):51-
59.

Levitt BB, Lai H. 2010 Biological effects from pasure to electromagnetic
radiation emitted by cell towers base stations@hdr antenna arrays. Environ Rev
18:369-395.

Li Y, Yan X, Liu J, LiL, Hu X, Sun H, Tian J. 2@1Pulsed electromagnetic field
enhances brain-derived neurotrophic factor expres$irough L-type voltage-gated
calcium channel- and Erk-dependent signaling pagawaneonatal rat dorsal root
ganglion neurons. Neurochem Int 75:96-104.

Lisi A, Ledda M, Rosola E, Pozzi D, D'Emilia E, Gani L, Foletti A, Modesti A,
Morris SJ, Grimaldi S. 2006 Extremely low frequgmtectromagnetic field
exposure promotes differentiation of pituitary emtrope-derived AtT20 D16V
cells. Bioelectromagnetics 27:641-651.

Lépez-Martin E, Relova-Quinteiro JL, Gallego-GongZeleteiro-Fernandez M,
Jorge-Barreiro FJ, Ares-Pena FJ. 2006 GSM radidtiggers seizures and increases
cerebral c-Fos positivity in rats pretreated with&nvulsive doses of picrotoxin.
Neurosci Lett 398:139-144.

Lustenberger C, Murbach M, Durr R, Schmid MR, Ku$te Achermann P, Huber R.
2013 Stimulation of the brain with radiofrequentgotromagnetic field pulses affects
sleep-dependent performance improvement. Bramub$:805-811.

Maganioti AE, Papageorgiou CC, Hountala CD, , Kgpdu MA, Rabavilas AD,
Papadimitriou GN, Capsalis CN. 2010 Wi-Fi electemnetic fields exert gender
related alterations of EEG."@nternational Workshop on Biological Effects of
Electromagnetic Fields, Bodrun, Turkey, Octobed ®0
http://www.istanbul.edu.tr/6internatwshopbioeffemf/

Mausset-Bonnefont, A.L., Hirbec, H., Bonnefont, Rrivat, A., Vignon, J., de Seze,
R. 2004 Acute exposure to GSM 900MHz electromagrieids induces glial
reactivity and biochemical modifications in the lpa&ain. Neurobiol Dis. 17:445-454.

Page 21 of 25



Murbach M, Neufeld E, Christopoulou M, AchermanrKister N. 2014 Modeling
of EEG electrode artifacts and thermal ripplesumhan radiofrequency exposure
studies. Bioelectromagnetics 35:273-283.

Naval Medical Research Institute Research Repang 1971. Biobliography of
Reported Biological Phenomena (‘Effects”) and @atiManifestations Attributed to
Microwave and Radio-Frequency Radiation. Report2NBevised.

Navarro G, Segure J, Porteles M, Gomez Perre@@3 2Z'he microwave syndrome:
study in Spain. Electromagnetic Biol Med 22:16B.16

Oberfeld G, Navarro A E, Portoles M, Maestu C, GotRerretta C. 2004 The
microwave syndrome: further aspects of a Spanistyst
http://www.apdr.info/electrocontaminacion/Documesitovestigacion/ESTUDOS %2
OEPIDEMIOLOXIDOS%20E%20ANTENAS/The%20Microwave%208yome%?2
0-%20Further%20Aspects%200f%20a%20Spanish%20Sulidy.p

Odaci E, Bas O, Kaplan S. 2008 Effects of prerstpbsure to a 900 MHz
electromagnetic field on the dentate gyrus of ratstereological and
histopathological study. 1238:224-249.

Oftedal G, Wilén J, Sandstrém M, Mild KH. 2000 Syiwms experienced in
connection with mobile phone use. Occup Med (L&@P37-245.

Oto R, Akdag Z, Dasdag S, Celik Y. 1994 Evaluatbi?sychologic Parameters in
People Occupationally Exposed to RadiofrequenaidsMicrowave, Biotechnology
& Biotechnological Equipment, 8(4):71-74.

Pall ML. 2013 Electromagnetic fields act via aation of voltage-gated calcium
channels to produce beneficial or adverse effetiSell Mol Med 17:958-965.

Pall ML. 2014 Electromagnetic field activationwafitage-gated calcium channels:
role in therapeutic effects. Electromagn Biol M&&1251.

Pall ML. 2015 Review: Scientific evidence conicsl findings and assumptions of
Canadian safety panel 6: Microwaves act throudtage-gated calcium channel
activation to induce biological impacts a non-thakfevels, supporting a paradigm
shift for microwave/lower frequency electromagndigdd action. Rev Environ
Health 30:99-116.

Pangopoulos DJ, Johansson O, Carlo GL. 2013 Btratuof specific absorption rae
as a dosimetric quantity for electromagnetic fiddaseffects. PloS ONE 8(6):
€62663. doi:10:1371

Papageorgiou CC, Hountala CD, Maganioti AE, KypoiatMA, Rabavilas AD,
Papadimitriou GN, Capsalis CN. 2011 Effects offiveignals on the p300

Page 22 of 25



component of event-related potentials during antardhayling task. J Integr
Neurosci 10:189-202.

Pilla AA. 2012 Electromagnetic fields instantangly modulate nitric oxide
signaling in challenged biological systems. Biochgiophys Res Commun 426:330-
333.

Ragbetli MC1, Aydinlioglu A, Koyun N, R&betli C, Bektas S, Ozdemir S. 2010
The effect of mobile phone on the number of Pugkoglls: a stereological study. Int
J Radiat Biol 86:548-554.

Raines JK, 1981. Electromagnetic Field Interagtioith the Human Body:
Observed Effects and Theories. April 9, 1981 NatlAeronautics and Space
Adminstration , NASA CR 166661. Greenbelt Maryland

Sadcikova MN, 1974 Clinical manifestations of te&ts to microwave radiation in
various occupational groups. In P. Czerski (H8iplogical Effects and Health
Hazards of Microwave Radiation. Proceedings ofiibernational Symposium,
Warsaw, 13-18 October 1973. Polish Med Publish&tarsaw, 1974, pp 261-267.

Salama OE, Abou El Naga RM. 2004 Cellular phoaesthey detrimental? J Egypt
Public Health Assoc 79:197-223.

Salford LG, Brun AE, Eberhardt JL, Malmgren L, Bers BR. 2003 Nerve cell
damage in mammalian brain after exposure to micvesdrom GSM mobile phones.
Environ Health Perspect 111:881-883.

Sandstrom M, Wilen J, Oftedal G, Hansson Mild KQO2 Mobile phone use and
subjective symptoms. Comparison of symptoms expee@ by users of analogue
and digital mobile phones. Occup Med (Lond) 51385-

Santini R, Santini P, Le Ruz P, Danze JM, Seigne2B03 Survey of people living
in the vicinity of cellular phone base stationdediromagn Biol Med 22:41-49.

Schmid MR, Loughran SP, Regel SJ, Murbach M, Bi@tigcnauer A, Rusterholz T,
Bersagliere A, Kuster N, Achermann P. 2012a SEe@ alterations: effects of
different pulse-modulated radio frequency electrgnadic fields. J Sleep Res. 21:50-
58

Schmid MR, Murbach M, Lustenberger C, Maire M, Karstl, Achermann P,
Loughran SP. 2012b Sleep EEG alterations: efte#gsilsed magnetic fields versus
pulse-modulated radio frequency electromagnetiddieJ Sleep Res 21:620-629

Schiz J, Waldemar G, Olsen JH, Johansen C. 2088 fr central nervous system

diseases among mobile phone subscribers: a Daetisispective cohort study. PL0S
One. 2009;4(2):e4389. doi: 10.1371/journal.ponel389.

Page 23 of 25



Sheppard AR, Eisenbud M. 1977 Biological effexftelectric and magnetic fields
of extremely low frequency. New York UniversityeBs, New York.

Soderqvist F, Carlberg M, Hardell L. 2008 Usewvkless telephones and self-
reported health symptoms: a population-based stodyng Swedish

adolescents aged 15-19 years. Environ Health 2#821;7:18. doi: 10.1186/1476-
069X-7-18.

Soeiro-de-Souza MG, Otaduy MC, Dias CZ, Bio DS, N&o-Vieira R, Moreno
RA. 2012 The impact of the CACNALC risk allelelonbic structures and facial
emotions recognition in bipolar disorder subjectd bealthy controls. J Affect
Disord 141:94-101.

Sonmez OF, Odaci E, Bas O, Kaplan S. 2010 Pwkieil number decreases in the
adult female rat cerebellum following exposure @ $MHz electromagnetic field.
Purkinje cell number decreases in the adult femradleerebellum following exposure
to 900 MHz electromagnetic field. Brain Res 1356198 .

Tesli M, Skatun KC, Ousdal OT, Brown AA, ThoresenAgartz I, Melle I, Djurovic
S, Jensen J, Andreassen OA. 2013 CACNALC riskneand amygdala activity in
bipolar disorder, schizophrenia and healthy coatrieLoS One. 2013;8(2):e56970.
doi: 10.1371/journal.pone.0056970.

Thimm M, Kircher T, Kellermann T, Markov V, Krach $ansen A, Zerres K,
Eggermann T, Stocker T, Shah NJ, Nothen MM, Riatskbh Witt SH, Mathiak K,
Krug A. 2011 Effects of a CACNALC genotype oreation networks in healthy
individuals. Psychol Med 41:1551-1561.

Thomée S, Harenstam A, Hagberg M. 2011 Mobile phese and stress, sleep
disturbances, and symptoms of depression amonggyadults--a prospective cohort
study. BMC Public Health. 2011 Jan 31;11:66. d6i1186/1471-2458-11-66.

Tolgskaya MS, Gordon ZV. 1973 Pathological Effect Radio Waves, Translated
from Russian by B Haigh. Consultants Bureau, NewkM_ondon, 146 pages.

Wagner P, Rdschke J, Mann K, Hiller W, Frank C98 Human sleep under the
influence of pulsed radiofrequency electromagnfgids: a polysomnographic study
using standardized conditions. Bioelectromagndi8c499-202.

Waldmann-Selsam C, Aschermann C, Kern M. 2009 nWigragainst adverse health
effects from the operation of digital broadcastvedion stations (DVB-T): Letter
from 3 German physicians to the U.S. PresidentGongress.
http://www.stayontruth.com/warnirggainst-adverse-health-effects-digital /TV.php

Page 24 of 25



Walleczek J. 1992 Electromagnetic field effegtells of the immune system: the
role of calcium signaling. FASEB J. 1992;6:317831

Wheeler DB, Randall A, Tsien RW. 1994 Roles dfyNe and Q-type channels in
supporting hippocampal synaptic transmission. rf8ae€64:107-111.
Highlights:

» Microwave EMFs activate voltage-gated Ca2+ chand&CCs) concentrated in
the brain

» Animal studies show such low level MWV EMFs haveaise high impacts in
the brain

» VGCC activity causes widespread neuropsychiatfeces in humans (genetic
studies)

» 26 studies have EMFs assoc. with neuropsychidifiects; 5 criteria show
causality

» MWV EMFs cause at least 13 neuropsychiatric effestkiding depression in
humans
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